In a recent paper Blumenthal et al. have suggested that the use of helium-like intercombination to forbidden line ratios to measure electron densities is complicated by an important electrontemperature dependence of the ratios. It is shown here that their theory uses an incorrect treatment of dielectronic recombination and that the temperature dependence is in fact smaller. It is concluded that significant observations of ratios which vary by more than ±10 percent can safely be attributed to electron density effects. Recent observations, in particular those of Acton et al. of O vu, show variations of only ± 5 percent. Although Acton et al. consider that their data support the temperature dependence predicted by Blumenthal et al., they can equally well agree with a much lower temperature dependence. However, the accuracy of the observations to date is not sufficient to show a definite dependence on temperature.
I. INTRODUCTION
In a recent paper Blumenthal, Drake, and Tucker (1972) discuss the temperature and density dependence of the intensity of the emission lines originating from the 2 3 S and 2 3 P states of the helium-like ions. They suggest that electron densities derived from data on solar active regions are uncertain because the temperatures in the regions producing the lines are not well known and the line ratios are sensitive to the temperature used. While reserving doubts about the statistical significance of the observational data, we find that over the range of temperatures where each line is likely to be formed the temperature dependence of the 3 S and populations is small compared with the density dependence. It is in principle possible to use the method proposed by us , hereafter referred to as Paper I) to measure electron densities in solar active regions, provided the density exceeds the critical values given by the theory in Paper I.
II. THEORY a) Basic Equations
Using the notation of Paper I, the ratio of the forbidden (1 1 *S-2 3 S) to intercombination (1 1 *S-2 3 P) line intensities can be expressed as i^l\ i where A(i-^j) is the spontaneous transition probability; C(i->■ j) is the collisionalexcitation rate coefficient; <1> is the photoexcitation rate from 3 S to 3 P; (2). This is a small correction for low ions, but for a given P reduces R 0 (see below). By Si xm this correction amounts to 11 percent. The photoexcitation term is important in the corona only for C v and N vi, and it will be ignored in the following discussion. For each ion there is a value of P = R 0 , found by taking N e = 0, i.e., P 0 = 0 + F -B)IB.
To avoid confusion it should be realized that although the theory has been set out in Paper I, the densities there are too low because the values of v4( 3 5 -> 1 S) that were used (Griem 1969) were later shown to be incorrect. New values of A( 3 S-^1S) were given in a later paper (Freeman et al. 1971 ) which should be used for critical densities, etc.
For the excitation rate from 2 3 S to 2 3 P we agree with Blumenthal et al. that it is best to use the calculations by Blaha (1971a, b) . These have been adopted in previous recent work (Gabriel and Jordan 1972) . The densities derived by Freeman et al. (1971) would be reduced by a factor of about 2 by using Blaha's calculations.
Based on the observational errors quoted at that time by the experimenters, a critical density A e * was defined in Paper I such that inclusion of this value in equation (1) would reduce R to 10 percent below R 0 . It was proposed that R should be at least 10 percent below R 0 for a significant measurement of N e to be made. Similarly, without knowing R 0 explicitly, it is possible to say that if different records show values of R that differ by greater than 10 percent then the density in the source must exceed A e *.
In the method developed in Paper I the value of F was determined directly from the observations. At the temperature of O vu there are sufficient independent measurements of electron densities in the solar corona (e.g., Jordan 1966) to say that the density of the average quiet corona is A e ^ 2 x 10 8 cm -3 , which is less than A e * of 3 x 10 9 cm -3 . Hence the largest value of R observed was taken as F 0 . Later observations by Walker and Rugge (1969) have shown that R for O vu does not show significant variations with solar activity, so that it is possible to determine F from the average value of R that he observes. By this method it is found that F = 0.35.
Although no explicit calculations were presented, it was concluded that because of the small range of T e ¡Z 2 covered by the data and the small temperature dependence of the ratio of the singlet to triplet excitation rates, the value of F could be taken as approximately constant as a function of Z and of temperature, for a given ion. For these assumptions to be justified the temperature variation or uncertainty in F must produce a change or uncertainty in R of less than 10 percent. The calculations made below fully justify the assumptions.
The observed value of F = 0.35 from O vu certainly suggests that processes other than direct excitations from 1 to 2 3 S and 2 3 P are important. The calculations of Burgess, Hummer, and Tully (1970) give the ratio of the direct excitation rates,
22. These calculations were made under hydrogenic approximations but should be applicable, and more precise evaluations are not available.
b) Cascade Contributions
The formulation of the problem of cascade contributions by Blumenthal et al. should be of adequate accuracy, and it is difficult to suggest an alternative treatment that is certainly better.
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In their notation,
where £ = I/kT, I is the ionization potential, and K c is the cascade contribution. Table 1 shows values of F for O vu, Ne ix, Mg xi, and Si xm at various values of T e for each ion. The temperature ranges chosen need some comment. In an atmosphere where J N e 2 dV is constant with T e , each line is formed predominantly at that temperature, T m9 where the temperature-dependent part of the emission coefficient has its maximum value, i.e., where g(T) = T e~l l2 e~w lkT N(ion)IN(E) has its maximum value. W is the excitation potential of the transition, and N(ion)IN(E) is the ionization equilibrium population of the ion concerned. In a nonuniform atmosphere, such as an active region embedded in the solar corona, the variation of the electron density and emitting volume as a function of temperature should also be included in evaluating the temperature at which each line is formed; i.e., each line is strictly formed at the temperature at which the function J N 2 g(T)dV has its maximum value. O vu has T e = 2.0 x 10 6 ° K, but the large value of J N 2 dV in the corona will dominate the function, giving an effective temperature T eii ^ 1.7 x 10 6 ° K. It is unrealistic to consider a lower limit (TO of 1.35 x 10 6 ° K as done by Blumenthal et al. since the temperature of the quiet corona is observed to be higher than 1.5 x 10 6 ° K. (Coronal holes may have T e < 1.5 x 10 6 ° K, but the lower N e in such regions, together with the lower T e , would make the O vu emission practically unobservable.)
If a large number of active regions were present, the effective temperature may be higher than T m \ but since observations show that J N 2 dV falls quite steeply with increasing T e , this is unlikely. However, a value higher than T m is listed also and is indicated as T 2 . For ions higher than O vu, the same criterion has been used as that used by Blumenthal et al.; i.e., and T 2 are the temperatures at which the function g(T) falls to half its maximum value. As indicated above, the value of T 2 is in all cases almost certainly unrealistically high.
c) Recombination Contributions
Our main disagreement is with the formulation of the contribution from recombination used by Blumenthal et al. They find dielectronic recombination to be the most important recombination processes in steady-state conditions near T m . According to the calculations by Jordan (1969) using the theory developed by Burgess (1965) , this is not so. Furthermore, Shore's (1969) calculations for recombination to Hei-like ions show that Burgess's value is an overestimate by a factor of about 5. For O vu, Shore finds that the dielectronic recombination rate is a factor 2.4 smaller than the radiative rate, and is even less important in higher ions. Further, Blumenthal et al. use an approximation which implies that all the dielectronic recombinations are to levels with « » 2 and hence assume that the rates of populating 2 3 S and 2 3 P are determined by the previously used cascade probabilities. However, Shore has calculated that 70 percent of the dielectronic recombination from O vm to O vu occurs to n -2-6 with the major part of this going to levels with n = 2,3, and 4. This surprising result arises from the very high value of the first excitation potential for these ions. For these low-« values there are few high-/ states, and the rates to 2 3 S and 2 3 P will not be determined by the "cascade" rates. In fact, Shore points out that for the He i-like ions recombination is only significant for / ^ 3. We therefore consider that the rates to 2 3 S and 2 3 P will be proportional to their statistical weights. The treatment of dielectronic recombination used by Blumenthal et al. is the main source of the temperature dependence that they derive. We calculate that the contribution of dielectronic recombination is small and does not change the ratios determined by the direct and cascade contributions. Table 1 
Orni/~>t'-^voT-i(NioommON , /~>mmTtmm-^í-ddddddddddddd ^^^^<N(N(N(S|<N(N(N(N<N <N rN (N (N (N (N rN <N <N (N (N (N Radiative recombination must now be considered since it is the most important recombination process for these ions. The radiative recombination rates as a function of n and / have been calculated in the hydrogenic case by Burgess (1964) , and the final population rates for the triplet levels in neutral helium have been calculated by Robbins (1968) , taking account of cascades. The calculations by Robbins were used by Blumenthal et al. in their treatment of population by dielectronic recombination. From Robbins it is found that 90 percent of the population of 2 3 *S f and 60 percent of the population of 2 3 P comes from cascade contributions and that the final rates to 2 3 S and 2 3 P are in the ratio of 1.4:1. From the earlier calculations of Seaton (1959) it is found that about two-thirds of the total recombination goes to n > 2. It can be assumed that recombination is distributed between the singlet and triplet terms according to their statistical weights. Hence the recombination rates to 2 3 *S' and 2 3 P can be determined. The results including radiative recombination are given in table 1.
in. DISCUSSION
As can be seen from table 1, the temperature dependence found by Blumenthal et al. amounts to variations of F at T m of between ± 10 percent in O vn and ± 20 percent in Si xiii. However, these variations do not lead to large changes in R. Even for Si xm the change in R does not exceed ± 9 percent ! Using the present formulation, changes in T e would lead to changes in R of between ± 5 and ± 7 percent. These are not significant when compared with the variations in R that were apparent in the data used in Paper I. Since it requires large changes in T e to produce quite small changes in R, any large (> 10 percent) changes in R are unlikely to be due to changes in T e and may be interpreted as being due to N e > A e *.
IV. INTERPRETATION OF RECENT DATA
For O vn the value of i? = 3.6 (and hence F = 0.35) was found by Rugge and Walker (1970) . This mean value of R agrees with that recently found by Acton et al. (1972) . They report observations of O vn and Ne ix, made as a function of position on the solar disk including observations of both quiet and active regions. Figure 1 shows the variation of R with their calculated values of T e for O vn. (The method used by Acton et al. to derive T e is discussed below.) The figure also shows the theoretical variation of R 0 found by Blumenthal et ai (curve a) and by the present authors (curve b). The observed mean value of R and R ± 10 percent are also shown. No individual value of R differs from the mean value by as much as 10 percent and, using the method derived in Paper I, no electron density variations would be deduced. It can be seen that neither curve a, curve b 9 nor R = constant will fit all the observed points with the quoted error bars, and that the observed values of R could equally well fit curve b or in fact R = constant.
Regarding the values of T e used, Acton et al. correlate the observed values of R with what is essentially the relative intensity of the O vn and Ne ix resonance lines. In order to find T e for each emitting region, they combine g(T) with J N e 2 dV derived from an exponential fit to the O vn and Neix points, plotted initially at r m . This method does not show conclusively that the different values of R, for a given ion, originate at different temperatures. It is possible for J N e 2 dV as a function of T e to vary from one active region to another and still produce O vn and Ne ix at the same temperatures. Further, the use of the above exponential fit for the quiet corona without a cutoff at T e ^ r corona is not correct, and leads to a value of T e for the quiet corona which is far too small. Acton et al. (1972) . Curve a is the theoretical variation for R 0 derived by Blumenthal et al_{l912)\ curve b is the theoretical variation derived in the present note. The mean value R and R ± 10 percent are also shown.
plotted at T e = 1.25 x 10 6 ° K should therefore be moved to 7^ ^ 1.5 x 10 6 ° K. In order to establish the variations with temperature, the correlation of R with temperature-sensitive line intensity ratios from the same ion, such as (ls 2 -\snp)l (\s 2 -\slp), (n > 3), would be preferable. Figure 2 shows the variation of R with T e found by Acton et al. for Ne ix. The mean value is R = 3.06. The theoretical curves are also shown. There is no clear systematic increase of R with T e .
For Mg xi, Parkinson (1971 Parkinson ( , 1972 finds R = 2.8 ± 0.4 and 3.0 ± 0.2. From the ratio of the dielectronic satellite Mg x lines to the Mg xi line (Gabriel, Jordan, and Paget 1969; Gabriel 1972) , one finds T e = 5 x 10 6 ° K and T e = 4 x 10 6 ° K. For Si xiii, the value of R quoted by Walker and Rugge (1970) has been corrected 
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for satellite contributions using the calculations of Gabriel (1972) . Gabriel finds T e = 1.5 x 10 6 ° K from the intensity ratio of satellite to resonance lines in these data. It can be seen from table 1 that the absolute values of R observed are in satisfactory agreement with those predicted by the theory at the low-density limit.
